Background-Critics have raised concerns that specialty cardiac hospitals exacerbate racial disparities in cardiovascular care, but empirical data are limited. Methods and Results-We used administrative data from the Medicare Provider and Analysis Review Part A and Provider-of-Service files from 2002 to 2005. Multivariable logistic regression models were constructed to examine the likelihood of black Medicare patients being admitted to a cardiac hospital for coronary revascularization when compared with white patients within the same healthcare referral region after accounting for geographic proximity to the nearest hospitals, procedural acuity, and comorbidities. We identified 35 309 patients who underwent coronary artery bypass grafting in 18 healthcare referral regions and 94 525 patients who underwent percutaneous coronary intervention in 20 healthcare referral regions where cardiac hospitals performed these procedures. Patients at cardiac hospitals were more likely to be men and white and have less comorbidity than those at general hospitals. The likelihood of black patients undergoing coronary revascularization at a cardiac hospital was significantly lower for coronary artery bypass grafting (adjusted odds ratio, 0.67; Pϭ0.01) and percutaneous coronary intervention (adjusted odds ratio, 0.63; PϽ0.0001). However, this relationship was substantially attenuated among black patients living in close proximity (ie, within 10 miles) to cardiac hospitals (adjusted odds ratio for coronary artery bypass grafting, 0.95; Pϭ0.75; adjusted odds ratio for percutaneous coronary intervention, 0.78; Pϭ0.01). Conclusions-Black patients were significantly less likely to be admitted at cardiac hospitals for coronary revascularization. Precise reasons for these findings are unclear but suggest complex associations between race and geography in decisions about where to receive care. (Circ Cardiovasc Qual Outcomes. 2008;1:116-122.) 
S pecialty hospitals typically provide care to narrow patient populations and for a limited number of medical procedures, with the majority of hospitals focused on cardiovascular or orthopedic conditions. 1 Proponents of specialty hospitals argue that these facilities provide higher quality healthcare and greater cost-efficiency by concentrating physician skills and hospital resources on the needs and services of a specific patient population. 2 Critics claim that specialty hospitals, which are largely physician-owned, "game" the hospital reimbursement system by primarily treating low-risk and well-insured patients and providing less uncompensated care. 3 Critics have even raised accusations that, by focusing on these types of patients, specialty hospitals may exacerbate existing racial disparities and hospital segregation.
In 2005, the Medicare Payment Advisory Commission (MedPAC) released a report that documented a 60% lower proportion of black patients treated at specialty cardiac hospitals when compared with peer general hospitals in the same healthcare market (3.6% of Medicare discharges versus 9.6%). This finding drew the attention of policy makers, resulting in an open letter from 3 US congressmen to the Centers for Medicare and Medicaid Services. 4 Although the MedPAC report's findings are highly provocative, the approach used in that analysis had important limitations. First, the analysis did not account for distances that black and white patients lived from specialty hospitals, despite the critical role of geographic location in hospital choice. 5 Second, it was unclear the extent to which these differences in racial distributions across hospitals may have been explained by differences in procedural acuity and patient comorbidity, both of which were not adjusted for in the analysis but could contribute to hospital choice. These issues are critical for placing the contentious results from the MedPAC report in proper context. Accordingly, the purpose of this study was to reexamine the question of whether black patients were less likely to undergo coronary revascularization at cardiac hospitals when compared with white patients. We focused on cardiac hospitals because these facilities are responsible for the bulk of Medicare payments to specialty hospitals and because of the large literature on existing disparities in coronary revascularization. Importantly, we used multivariable analyses to account for geographic proximity to the nearest cardiac hospital as well as for differences in procedural acuity and comorbidities while assessing the likelihood that a black patient would be treated at a cardiac hospital.
Methods

Data Sources and Study Population
For these analyses, Medicare Provider and Analysis Review Part A and Provider-of-Service files from 2002 to 2005 were obtained from Centers for Medicare and Medicaid Services. Part A files include data on acute-care hospitalizations for fee-for-service Medicare beneficiaries. Provider-of-Service files contain data on hospital providers, including facility characteristics and zip code locations.
We used the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedural codes to identify all patients who underwent coronary revascularization with coronary artery bypass grafting (CABG) (ICD-9-CM procedural codes 36.10 to 36.19) or percutaneous coronary intervention (PCI) (ICD-9-CM procedural codes 36.01, 36.02, 36.05 to 36.07, 36.09). Given the small number of individuals in other racial and ethnic categories, we limited our analysis to patients 65 years or older who were identified by race as white or black. Furthermore, identifying race has been most reliable for black and white patients. 6 We also excluded patients who were (1) enrolled in a Medicare-managed care plan, (2) treated outside of the United States, or (3) admitted from institutionalized settings, as a skilled nursing facility, or transferred from another acute-care facility. The last group, which accounted for 4635 patients undergoing CABG and 10 583 patients undergoing PCI, was excluded because these patients often differ substantially from other patients both in terms of demographics and complexity (although their inclusion did not substantially impact on our overall results). 7 Finally, we limited our analysis to patients treated in hospitals that performed Ն5 CABGs or PCIs during the last year of the study period. Patients who underwent both CABG and PCI during the study period (nϭ2346) were included in both study populations during the analysis given the relatively long study period and the likelihood of repeat revascularizations. However, we did perform a sensitivity analysis after excluding these patients and found nearly identical results (which are available from the authors).
Specialty Hospital and Market Identification
We categorized all hospitals that performed coronary revascularization into cardiac or peer general hospitals using an approach similar to the General Accounting Office and others. 8 Specifically, we constructed a cardiac specialty index based on the percentage of cardiac to total admissions in Medicare beneficiaries in 2002 and 2003; thus, a higher percentage correlated with a greater degree of hospital cardiac specialization. From this cardiac specialty index, we reviewed the top 100 facilities and selected those that (1) had proprietary or corporate ownership, (2) did not provide obstetric or pediatric services, and (3) were identified by the Centers for Medicare and Medicaid Services as a "physician-owned specialty hospital" during their recent national survey. 9 This selection process was meant to exclude physician-owned general hospitals or cardiac hospitals without physician ownership. Data on additional services available at these hospitals were obtained from the American Hospital Association Annual Survey, the American Hospital Directory, and online hospital web sites. 10, 11 We used Hospital Referral Regions (HRRs) from the Dartmouth Atlas of Health Care to identify competing peer general hospitals within the same healthcare market as one or more cardiac hospitals. 12 HRRs are large geographic units representing distinct markets for tertiary care that were developed by studying patterns of hospital utilization for major cardiac surgery and neurological surgery among Medicare beneficiaries in the mid-1990s. Based on their zip code, patients and hospitals were assigned to 1 of 306 HRRs. We identified 19 HRRs with at least 1 cardiac hospital performing CABG and 20 HRRs with at least 1 cardiac hospital performing PCI. For analyses related to CABG, we excluded 1 HRR (Sioux Falls, SD), because it included 0 black patients during the study period. Thus, the final sample contained 18 HRRs for CABG and 20 HRRs for PCI.
Statistical Analysis
Univariate analyses were performed to compare the characteristics of patients admitted to cardiac and peer general hospitals, including age, sex, race, procedural acuity, and the presence of specific comorbidities, using Student t tests for continuous variables and 2 tests for categorical variables. We then used multivariable logistic regression models to evaluate the likelihood of a black patient undergoing coronary revascularization at a cardiac hospital when compared with peer general hospitals in the same HRR after adjusting for baseline differences between patients treated at each type of facility. In separate regression models for CABG and PCI, the dependent variable was "admission to a specialty cardiac hospital," and the key independent variable of interest was an indicator variable representing black race with a reference group of white race.
To account for the relationship between distance to a specific hospital and admission to that hospital in our models, we included as a patient-level covariate in these models a measure of differential distance as a continuous variable. Differential distance was calculated for each patient using population-based centroids of the 5-digit zip code that was associated with each patient's residential address and the address for the nearest cardiac and peer general hospital within the same HRR. 13 As such, it specifically refers to the difference in distances between the nearest cardiac hospital and the nearest peer general hospital with a positive differential distance indicating that the patient lived closer to a peer general hospital, whereas a negative differential distance suggested that a patient lived closer to a cardiac hospital. For purposes of our analyses, inclusion of differential distance allowed us to examine whether cardiac hospitals were more (or less) likely to admit black patients after accounting for the relationship between hospital location and the neighborhoods where blacks and whites may live.
Other covariates included in the models were age (65 to 69, 70 to 74, 75 to 79, 80 to 84, 85 to 89, Ն90), gender, procedural acuity (elective, urgent and emergent), and comorbidities. Comorbidities were assessed using the Quan coding algorithm, a recently described method for assessing comorbidities from ICD-9-CM diagnostic codes. Recent data suggest that the Quan coding algorithm may outperform previous approaches for determining the prevalence of comorbidities in administrative data such as the Charlson comorbidity score. 14 In the final models for CABG and PCI, we included comorbidities that had both clinical validity and a probability value of Ͻ0.05, with the intent to account for patient differences in important comorbidities across hospitals. (A full list of covariates included for CABG and PCI is available.)
All models were adjusted for potential clustering effects by HRR using random effects models with the healthcare market included as a random intercept, with the coefficient for race representing the marginal coefficient over all HRRs. We explored potential interactions between race and gender given prior evidence of its potential importance in the recommendations for invasive cardiac procedures. 15 Additional interactions between race and differential distance were also explored. Finally, we performed sensitivity analyses that examined patterns of admission to cardiac hospitals in (1) patients undergoing elective revascularization, (2) patients who resided within 10 miles of a cardiac hospital, and (3) patients with differential distances within 10 miles. All analyses were performed using SAS version 9.1.3 (SAS Institute, Research Triangle Park, NC). Probability values of Ͻ0.05 were considered significant, and all statistical tests were 2-sided. C-statistics for the full model and models used during sensitivity analyses for both CABG and PCI ranged from 0.77 to 0.80. This research proposal was approved by the University of Iowa Institutional Review Board. The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
We identified 18 HRRs that contained 20 cardiac hospitals and 102 peer general hospitals performing CABG; in contrast, we identified 20 HRRs that contained 22 cardiac hospitals and 167 peer general hospitals performing PCI. Most HRRs had a single cardiac hospital, with 2 HRRs having 2 cardiac hospitals. The number of peer general hospitals in each of the HRRs varied, ranging from 2 to 14 for CABG and 2 to 24 for PCI ( Table 1 ). In addition, the geographic distribution of these HRRs across the United States, their proportion of black Medicare enrollees, and their population-based rates of CABG and PCI during the study period are displayed in Table 1 . The proportion of black Medicare enrollees varied across HRRs from Ͻ1% in Sioux Falls, SD, to nearly 30% in Lafayette, La. Substantial variation in the use of coronary revascularization was also noted in population-based rates for both CABG and PCI.
We identified 35 309 patients who underwent CABG and 94 525 patients who underwent PCI in these HRRs. Patient characteristics for those who underwent CABG and PCI at cardiac and peer general hospitals are displayed in Tables 2  and 3 . Patients at cardiac hospitals were more likely to be men and white for both CABG and PCI. Patients at cardiac hospitals were also more likely to undergo coronary revascularization as an elective procedure and less likely to be admitted from the emergency department. In general, patients at cardiac hospitals also had lower rates of comorbidities when compared with patients at peer general hospitals with the exception of more cerebrovascular, peripheral vascular, and valvular heart disease. Finally, the differential distance between the nearest cardiac and peer general hospitals for both CABG and PCI patients was smaller for patients treated at cardiac hospitals, suggesting that patients admitted at these facilities lived relatively closer to them. We also noted that the mean and median distances to cardiac hospitals were 9.3 and 20.8 miles, respectively, for black patients and 23.4 and 38.4 miles, respectively, for white patients.
Among those who underwent CABG, 1216 (3.4%) were black patients and 34 093 (96.6%) were white patients. Among the black CABG patients, 179 (14.7%) were admitted to cardiac hospitals. In contrast, 7799 (22.9%) white CABG patients were admitted to cardiac hospitals. Among those who underwent PCI, 4544 (4.8%) were black patients and 89 981 (95.2%) were white patients. As with CABG, a smaller proportion of black PCI patients were treated at cardiac hospitals when compared with white patients: 523 (11.5%) black PCI patients were admitted to cardiac hospitals, whereas 18 321 (20.4%) white patients were admitted to these facilities. In unadjusted analyses, the odds ratio of black patients undergoing coronary revascularization at a cardiac hospital when compared with whites was 0.64 for CABG (95% CI, 0.54 to 0.76; PϽ0.0001) and 0.62 for PCI (95% CI, 0.56 to 0.68; PϽ0.0001). Table 4 shows the likelihood of black patients undergoing coronary revascularization at cardiac hospitals when compared with white patients before and after multivariable analyses. Accounting for differential distance in addition to age, gender, procedural acuity, and comorbidities did not substantially influence the overall results ( Table 4 ). The adjusted odds ratio for black patients undergoing coronary revascularization at a cardiac hospital was 0.67 (95% CI, 0.49 to 0.92; Pϭ0.013) for CABG and 0.63 (95% CI, 0.53 to 0.74; PϽ0.0001) for PCI. There were no significant interactions noted between race and gender or between race and differential distance. Also, results were similar when we examined those patients undergoing elective revascularization only, which made up of 57.7% and 47.5% of the CABG and PCI patients, respectively. Table 5 summarizes the results of several sensitivity analyses. Although our main results were largely unchanged in the subset of patients who lived relatively equidistant between specialty and general hospitals (differential distances less than 10 miles), we did note a significant interaction between race and distance in the group undergoing PCI (adjusted odds ratio for black patients being treated at a cardiac hospital with each additional mile, 0.94; Pϭ0.006). Furthermore, in the subset of CABG and PCI patients who resided within 10 miles of a cardiac hospital, we found that black patients were no less likely than white patients to receive CABG at a cardiac hospital. Although black patients continued to be less likely to receive PCI at cardiac hospitals, the extent of this relationship was diminished. In this sensitivity analyses, a strong interaction effect between race and distance was again noted (adjusted odds ratio for black patients undergoing CABG at a cardiac hospital with each additional mile, 0.90; Pϭ0.018; adjusted odds ratio for black patients undergoing PCI at a cardiac hospital with each additional mile, 0.92; Pϭ0.001). In general, these interaction effects suggested that differences in the likelihood of coronary revascularization at cardiac hospitals increased between black and white patients as they lived farther away from these facilities.
Discussion
We found that black patients in the Medicare population were significantly less likely to undergo coronary revascularization at cardiac hospitals when compared with white patients, even after accounting for differential distance to cardiac hospitals and peer general hospitals, procedural acuity, and comorbidities. However, this relationship was substantially attenuated in black patients living in close proximity to cardiac hospitals. These results were generally consistent for both CABG and PCI, and add new information to the previous literature on differences between patients treated at specialty and peer general hospitals. 16 Most importantly, they suggest that racial differences that exist in the types of patients treated at cardiac hospitals are real and not easily accounted for by confounding factors like geographic proximity. Cardiac hospitals have generally been shown to have better outcomes when compared with peer general hospitals for coronary revascularization, acute myocardial infarction, and heart failure, although differences are frequently small and not always consistent across facilities. 17, 18 Reasons for these improved outcomes at cardiac hospitals remain largely unclear, but potential explanations have included (1) a concentration of clinical expertise at a facility, (2) an ability to provide more comprehensive services, and (3) an improvement in provider control over hospital operations. 18 Another possible reason for better outcomes at cardiac hospitals, however, may be because of careful patient selection at these facilities. Prior studies have suggested that patients treated at specialty hospitals are younger and have fewer comorbidities when compared with those treated at peer general hospitals. 16 Critics suggest that the role of physician ownership plays an important role in this regard. Physician ownership is thought to lead to "cherry-picking" of healthier patients that are often more profitable to treat, leaving peer general hospitals to care for more severely ill individuals. 19 It is also logical, though unproven, that developers of specialty hospitals might place these facilities further away from underserved areas or communities in an effort to maximize profits. Thus, reduced access to cardiac hospitals and a greater burden of illness may partly explain why black patients were less likely to undergo coronary revascularization at cardiac hospitals.
However, we found that, on average, black patients actually lived closer to cardiac hospitals than white patients. This may relate to the fact that specialty hospitals tend to be located in close proximity to urban centers with higher concentrations of blacks. Our finding that black patients were significantly less likely to undergo coronary revascularization at cardiac hospitals was consistent even after adjusting for geographic proximity, procedural acuity, and comorbidities. This naturally raises questions as to why blacks are less likely to be admitted to cardiac hospitals. In particular, it is unclear to what extent our findings are driven by provider or patient selection or even facility level policies. 20 Interestingly, in an important subgroup of patients who lived in close proximity to cardiac hospitals (ie, Ͻ10 miles), we found that the relationship between race and the selection of a cardiac hospital was nonsignificant among CABG patients and attenuated in PCI patients. This finding implies to us less evidence for overt racism at cardiac hospitals and more evidence favoring the role of patient access or preference. It may be, for example, that black patients and their families have fewer resources to travel long distances for major procedures, limiting the choice of hospitals for their procedures. This speculation is supported by the significant interaction effects we noted between race and distance in this subgroup of patients. Alternatively, it may be that black and white patients living in close proximity to cardiac hospitals select hospitals in a similar manner because of more comparable socioeconomic factors. Our findings should be interpreted in the context of the following limitations. First, we relied on administrative data. All the complex clinical and socioeconomic factors possibly contributing to variation in hospital selection among patients were not accounted for, resulting in the potential for residual confounding. This also limited our ability to more carefully distinguish between racial subgroups of patients, including those with multiple racial or ethnic backgrounds. Yet, use of administrative data did allow for an exhaustive examination of patterns of utilization for coronary revascularization using a populationbased approach. This is unlikely to occur from more clinically rich data sources where participation is typically voluntary. Second, we only focused on cardiac hospitals and the Medicare population. We also were not able to examine whether supplemental insurance has an impact on the use of revascularization at different hospitals. However, cardiac hospitals make up a large proportion of inpatient costs for Medicare and are relevant for policy makers. Additional studies examining specialty hospitals in orthopedic or other surgical care may be valuable in evaluating similar questions in younger and uninsured patients. Third, the limited number of cardiac hospitals currently operating in the United States restricted our ability to examine the role of regional differences in our findings.
In summary, we found that black patients were significantly less likely to be admitted at cardiac hospitals for coronary revascularization when compared with white patients. However, we also found that the relationship between race and the selection of a cardiac hospital was less significant among CABG patients and attenuated in PCI patients when we considered only those patients living in close proximity to cardiac hospitals. Precise reasons for these findings are unclear but suggest complex associations between race and geography in decisions about where to receive care. These potentially include differences in patient access and preference for cardiac hospitals as well as their familiarity with the availability of specific services and facilities. As the number of cardiac hospitals continues to grow in the United States, an improved understanding of why black patients were less likely to use cardiac hospitals may provide important insights into strategies for minimizing racial disparities.
